
-— .- .....

ACR NO. L5HOh,D.EC231946

NATIONAL.=—.n~e.. —

v:

ADVISORY

>

COMMITTEE FOR AERONAUTICS

wfurllm Iuw(m”
ORIGINALLY ISSUED

October1945 as
AdvanceConfidentialReportL5H04

COMPARISON OF FIXED-STABILUER, ADJUSTABLE-STABIIJZER

AND ALL-MOVABLEHORIZONTALTAILS

By SidneyM. Hamuon

LangleyMemorialAeronauticalLaboratory
LengleyField,Va.

L. ,’ ~~ .::.: -,: :, .,+ ;’ ji:- “ ‘,’, ,,, ‘,.. -- -’”,, “ yl;.e=ar -. ; ,. .,-. -.’
.

.,.

“’”’”“N*~x::’””””;”., ;..
:>,) :: . ,-

.’
,, ,’.

,!s’~”’-., .,...

‘,., -<., .,--- N A C A LE3RARY

WASHINGTON LANGLEY MEMOI?L:!L#,EI?GNAUIYCAL

LAi3UL4TCIZY

NACA WARTIME REPORTS are reprints of papers originally issued to pro&f8&?%&&%&bution of
advance research results to an authorized group requiring them for the war effort. They were pre-
viously held under a security status but are now unclassified. Some of these reports were not tech-
nically edited. All have been reproduced without chsnge in order to expedite general distribution.

—

L - 195

,.,■✎✎✎✌✌✌✍✍✍ ✍✌✌✌✎✌✌✌✌ ✎ ✎ !. I . . . -..!! -------- . . .-. . . .-



/

,.

NACA

31176.

ACR No. L5H04

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

-.. .,

.:,’
.,
,.

ADVANC3 CONFIDENTIAL REPORT
.-..,-....-,.- .. .....- . -.
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AND ALL-MOVABLE HORIZONTAL

By Sidney X. Harmon

SUMMARY

TAIKS

An analysis is presented to compere longitudinal
stability and control characteristics obtained with a
conventional fixed-stabilizer, an adjustable-stabilizer,
and an all-movable horizontal tail. The tail-area
requirements, control forces required in the critical
land.tigcondition, static margin, control-force gradiants
in a dive recovery, and elevator-free stability are
investigated. The analysis includes a comparison for
the various tails of the effect of a partial-wing stall
on the cmtrol-force gradient h a dive recov9ry. The
eff9ct of an increase in the tail a3pect ratio is also
investigated.

The results of the analysis indicated that,wlth
regard to requirements for longitudinal static stability
and adequate control in landing, the all-movable and
adjustable-stabilizer tails can provide, with considerably
smaller tail areas, the same range of permissible center-

. of-gravity positions as the conventional fixed-stabilizer
tail.

The comparison of the longitudinal catrol character-,
istics on the basis of a specified range of permissible.,;

1 center-of’-gravity positions indicated that the adjustable-
,. stabilizer tail allows mnsiderably smaller control‘.

1

balance for the rate of change of hinge-moment coefficient
with elevator deflection than the fixed-stabilizer tail.

I The conmarison SISO Indicated that the increase In control-
force gradient as a result of a partial-wing stall in a
dive recovery will be significantly smeller with the .all-
movable .and adjustable-stabilizer tails than with the
ccmventional fixed-stabilizer tail-

1,

.:.
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INTRODUCTION

The present trend towsrd higher spseds- and greater
size of airplanes is ticressing the demands on the hori -
Zoiltal tail with regmd to obtaintig adequste longitudtial
control under scwe ixportent flight conditions. In par- .
ticuler, the use of flap devices tlhatgive increasingly
large increments in llft in order to maintain reasonable
landing speeds may add appreciably to the diving momints
which must be balanced out by the longitudinal control
in the three-point-lending attitude. An analysis of a
typical fi.ghtsr eirplemo (reference 1) shows that a
fixed-stabilizer horizontal tail of conventional size
would provide merkedly inadequate longitudinal conmol
in landin~ with a full-sprm slotted or Fowler flap. The
results of reference 1 show’thet with a slotted flap, the
airplsne would require en Increasa in tail volume of
56 ercent in order

t
to petit s.center-or-gravity travel

of .5 percent of the me m aerodynamic chord and that
tnis 56-percent increase in tail volume would permit a
center-of-gravity trav31 of only 2.1 nercenti witln a
Fowler I’lep. Further, reference 2 b.es shown th~t In t;he
case of “high-speed pull-outs a large diving moment may
occur as a rssult of a partial-wing stall caused by
critical compressibility effects and tineinadequacy of
the normal alevetor for counteracting this diving moment
is responsible in I?umy cases for the extreme difficulty
recently experienced in recoveries fro-mhigh-speed dives.

A common method of’obtaining greater longitudinal
control has bsen to incre~se the horizontal-tail volunm
by increasing the t&il ares. It is evident, hcwever,
that as com~ared to the conventional horizontal tail
having a fixed stabilizer, the adjustable stabilizer and
all-movable control permit an increaae h the tail
effectiveness. T’he adjustable-stabilizer and en-movable
tails therefore should provide a specified degree of
longitudinal ccnt~ol with a sm.sller ~re~ then that required
with a fixed-stabilizer t~il. A comparison of the differ-
ent types of horizontal teil on Ehe basis of specified
stability end control requirements would serve therefore
to indlc~te the comparative merits of these tails in
regard to obtahing improvements in horizontal-tail
design.

Results
convention 21

me presented of en ane.lyslsin which the
fixsd-stabilizer, the adjustable-stabilizer,

1 4
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m=d the all-movable horizontal tails are compared on the.--.....
%&.&i8”-o”f””tiai’l-aFbsrequire~ants and airplaria static longi- “
tudlnal stebility and control characteristics. The snaly-
sis is made for these tail configurations on a modern
fighter airplane. The data for the horizontal tails are
presented, however, for a wide range of stability and
control requirements, so that the results of tlm present
investigation can be applied to a number of airplane
types. The analysis of the hor,lzontal tails includes a
comparison of the longitudinal control characteristics
for flight conditions in which the wing is partially
stalled. The effect of an increase In the tail aspect
ratio on the static longitudinal stability and control
characteristics Is also considered,

SYMBOIS

Cw

Zt

Z.

Zcg

mean aerodynamic chord of wing, feet

tail length meestired.from quarter-chord point
of mean aerodynamic chord of wing to quarter-
chord point of tail, fraction of cw(see fig. 1)

distance measured from quarter-chord point of
mean aerodynamic chord of wing in original
position to neutral point, fraction of Cw;
po8itive when neutral point is behind quarter-
chord point (see fig..1)

distsnce measured from quarter-chord point of
mean aerodynamic chord of wing in original
position to center of gravity of airplane,
fraction of Cw; positive when center of
gravity is behind quarter-chord point (see
fig. 1)

AlCg distance center of ~avi.ty is moved, fraction
of Cw; positive when moved back, primed to
Indicate thet wing is moved simultaneously

=
x static margin with elevator fixed (distance

measured from airplane center of gravity to
neutral point), fraction of Cw; positive
when neutral point is behind center of
gravity (see fig. 1)

. —.
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P

ALw

Al.

A20F

(Azo)~t

Adst

c

Et

Ee

b

s

Ast

A

rt

w

Wt

Ww

distance measured from aerodynamic center of
all-movable tail to pivot of mah surface,
feet; positive when pivot 1s behind aero-
dynamic center

distance wing 1s’moved, fraction of Cw;
positiva when wtig is moved back, primed to
ind!cate that center of gravity Is moved
simultaneous Q

change in neutral-point position due to change
in horizontal-tail area, fraction of .Cw

change in neutral-point position due to freeing
the elevator control, fraction of Cw ~~

change ti neutral-point posttion thet results
from partial-wing stall, traction of cw

rearward movem,ent of aerodynamic center of wing
that results from a partiel-wing stall,
fraction of Cw

chcrd, feet

root-mean-square tail chord, feet

root-mben-square elevator chmd, feet

span (of wing unless otherwise indicated), feet

area (of wing unless otherwise indicated),
squ=e fe3t

change in tazl area St required with ~odlfied
tail to maintain specified static margin

aspect ratio

teper retio of tall

iVe5.ght c~fairplano

weig!ht of horizontal
per square foot

tail per unit area, pounds

total weight of wing, pounds

v
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a

air density, slugs per cubic foot... .......... ,,.,,,+............... ..... ........ .... .. ...... .,.
elevator gearing ratio, radians per footmstlck

trave1

dynamic pressure 9 pomds per square foot

angle of attack of airplane measured as ~gle.
between the “thrust axis and wind direction
at infinity, degrees; primed to indicate
that a Is corrected for ground interference
effects

angular deflection of control surface, degrees

maximum angular deflection of stabilizer
me asl.lredwith reference to thrust axis,
degrees

maximum negative anguler deflection of elevator,
degrees

downwesh angle at tail, degrees; primed to indicate
that c is corrected for ground lnter-
ferance effects

elevator-effectiveness parameter equal to the
change in angle of attack of the tail
required to give tln9same total lift over
the tell as that contributed by 1° of
elevator deflection

slope of lift-coefficient curve per degree,
(for airplana unless Indicated otherwise) ;
primed to Indicate parameter is corrected
for ground effects

d~
x

rate of change of downwash angle at tail with
angle of attack of wing

()%St
rate of change of downwash angle at tail with

angle of attack of wing after beginning of
wing stall

uhatq rate of change of angle of attack at section

%t
of the tail with tab deflection for
constant lift at section
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(.)~%t
m= ~Lt

rate of change of’pitching-moment coefflc!ent
of tail about quarter-chord point of tail
with elevator deflection for constant lift
over tail

( t)b~t
.,mf–~w rate of change of pitching-moment coefficient

~bout quarter-chord point of section of’

CLt

CLtl

cLnax

Czt

cm

Cwe
%Zt

H

lift coefficient of’t~il

maximum negetive lift coefficient of tail that
can be obtained In the three-point attitude
with ground-effect corrections

maximum lift coefficient of wing with flaps
fully deflectad

section llft coefficient of tail

pitching-moment coefficient shout center of

()gravity of airplane --Y—
!l~:W

pltchhg moment about cer~t~r cf pavity of
airplane, foot-pounds

elevator l~?-i-.~e moment, foot-pounds



WD9 combtned contributions to.4>.... ... ................
thti “those”represerrte’d

J

Fn

B, D

,- K

7

cm of factors other
byterm C%-.LC6..,...

ccmtribution to Cm of the tail pitching
moment akout tail quarter-chord point that
results from the maximum negative elevator
deflection

contribution to C= per unit chsnge in 5e
of ths te.ilpitching moment ebout tail
quarter-chor~ point-

f’actorusad to determtie
to tell lift .

factor used to detsrmine

contribution of tab

~otel 3itchirE-moment
contribution of t~b about qu”ert9r-c~.ord
point of tall

chen~e in elevator control force psr unit change
in normal acceleration, Founds p9r g

acceler~tlon of &avity, 32.2 feet per second
Rer socor~d

control :orce reautrcd to lend at minimum speed
with center of gravity in most forwsrd
position, pounds

change in Fn thet results from partial-wing
stell, pounds per g

constants used to determin~ F*
atql$t

constant used to determine
()

(A~ojst, —awqS

Subscripts

e elevator

St occurs after wing begins to stall

. ..- .— -. .—.
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w

ft

wing

teb for all-movable tail

METHOD OF ANALYSIS

Basis for Comparison

The fixed-stabilizer, adjustable-stabilizer, and
all-movable horizontal tails on a modern fighter airplane
are compared in the present analysis. ~cause the present
trend in tail design is toward higher aspea% ratios,
aspect ratios of 4.24 and 5.82 were treated for the fixed-
stabllizer tail in order to give data showing the effects
of increases in aspect ratio. The areas required for the
three types of tail having equal aspect ratios (5.82)
were compared for an equal range of permissible center-
of-gravity position. With the respective areas deter-
mined in this manner, the tihree types of tail were also
“comnared on the basis of the following factors:

(1) The effect on the static margin of the airplane
of replacing the fixed-stabilizer tail with other tail
designs

(2) The control-balance required to obtain a
specified control-force gradient and veriation of control-
force gradient with center-of-gravity position

(3) The effect on st~tic longitudinal stability Of
freeing the elevator control

(4) The meximum control forces In a three-point
landing at minimum speed

(5) The effect of a pertial-wing st~ll on the ‘
control-force gradient in a dive recovery

Data for Calculations

The basic data, which are representetiv9 of data for
a modern fighter airplane, that were used in calculating
the stability and control characteristics of the selected
airplane sre shown in table 1,



The basic+design data and aerodynamic parameters for.- -. ‘~ehofilzontal. taflsare.given.ti..tabl.a_II. The calcu-
lations for the tails were made for a plan form hating

.......... .

an aspect retio of 5.82 and a taper ratio of 2.16, which
corresponds to the wing plan form of the alrplsne. The
caloulatlons for the fixed-stabilizer tail were also made
for a plan form having an aspect ratio of 4,24 and a taper
ratio of 1.71, which corresponds to the plan form of the
original tail of the subject airplane.

The stabilizer setting, the ratio of ele”vstor chord
to tall chord, and hem= for the fixed-stabilizer

tail were assumed to be the same as for the original
horizontal tall on the subject airplane. For the
adjustable-stabilizer tail, the maximum angular travel
of the stabilizer was limited by the condition that, with
the wing flaps fully deflected at 120 percent of the
minimum speed, the negative angle of attack of the tail
was about 2.50 below its negative stalling angle. It was
further specified that pith the stabilizer fully deflected,
the airplane could be trimmed at all times in a normal
landing meneuver by use or the elevator. ~ order for
the tsil to operate within the linear range of the
elevr.tor effectiveness, the ve.luesfor the ratio of the
elev~tor chord to tpil chord ~d for ‘%X were assumed

to be smaller for the adjustable-stabilizer tail than
for the fixed-stabilizer teil - that 1s, Cc/C t was
reduced from 0.52 to 0.20 and 6%= was reduced

from -250 tO -15°. These assumptions were based on the
data of figure 3 of reference 3 end were necessary because
of the large increase in the negative Incidence of the
tail when the stabilizer is fully deflected.

The all-movable horizontal tdl considered In the
present analysis Is similar to the all-movable vertical
tail surface reported in references 4 and 5. For this:.,

: type of tall, the pivot Is located at the aerodynamic
center of the tail or at some point behind it and a tab,1: linked to tlm main surface, moves in the same direction

ti as and In a predetermined ratio to the main surface.

‘i

~a;i~roporti.ons of the tab and the tab-linkage
6f~6e were so determined that t~ control-force

;, characteristics for the all-movable horizontal tall, when
, used on the subject airplane, would be comparable to

those obtained with the other types of horizontal tail.
The maximum negative deflection of the all-movable tail

i
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was so determined thet the negative stalling angle for
the tall could be obtained in a three-point landing at
minimum speed. In contrast with the allowance of 2.5°
assumed in the case of the adjustable-stabilizer tail,
whioh was set for the epproach condition, no allowance
was assumed for the ell-moveble tail in the landlng
condition because the adjustable-stabilizer tall was
believed to be generelly more difficult to unstall than
the ell-moveble tail. The effect of otker consider~tions
thet may limit the mxlmum engular travel of the sta-
bilizer and of the all-movable control is discussed
herein in the section entitled “Results and Discussion.n

The values for the eerodynamio parameters at and T
used in the calculations for the horizontal tails were
besed on the data of reference 3. ~ the case of an
all-movable tsil with a t~b,

bat ~
T = 1 (b)-OtlJ—

f Czt 6e

where J 1s 9 function of the span .md location of the
teb end of the tail teper rstio. v&luas for J were
obtained fro-m figure 2 of referents 6- The factor 0.1
represents the slope for the section lift curve per
degree.

Procedure for Calculations

Ths symbols that refer to the position of the various
points along the longitudinal axis of the airplane are
identified in figure 1. The quarter-chord point of the
mean aerod~amic wing chord of the subject airplane is
taken as the reference chord, and distances along the
longitudinal axis are measured in fractions of the mean
aerodynamic chord of the wing-

The renge of the permissible center-of-gravity
posltlons was limited in the rearward direction by the
elevator-fixed neutral point as determined for the.
cruising condition and in the forward direction by the
requirement for adequate control In a three-point
landing st minimum speed.

.
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The most rearward positi,on for the center of gravity
-.. or theneutral point-for the cruising condition with

elevator fixed was

dCml
%VZO+ da

determined from the equation

atqtst(l.-~(tt-zo): (1,

oqs. =.. .

where 20 corresponds to the limiting rearward position
for the center of gre.vit$. “The fism.eter

{
dE/da in

equation (1) was eveluated as 0, from tlm data of
reference 7. The term dCm~da in equation (1)

represents the combi,ned con~ributlon to Cm of factors
other thnn the wing and tail, such as power and fuselage
effects. This term was evaluated by means of unpublished
flight-test data for the subject airplane from which the
position of the neutral point for the cruising condition
with elavetor fixed wes obtained. The solution of
equstion (1) with the value of ZO obtained from the
flight-test data then determines the value for dCm#da.

The term dCm#da was thus evaluated RS 0.01 snd WEIS

asaumed in the comput~tions to be indepmdent of the
center-of-.grevity position. The differences in the
effect of power at cruising speed for tinevmious t.cils
were neglected, so tb.etthe value for dCm~da W~S

essumed to be independent of the size and type of hori-
zontal tail.

The most forward center-of-gravity position for a
three-point landing at minimum speed was c&lculeted from
the formula

qtstc~ f (Zt - ,Cg)
1. cba--Zcg + ACm2 -— +Cm ~,= o (2)

qs t

where Zcg corresponds to the limiting forward center-
of-gravity position. In equation (2), the term ~Cm2 .

k refers “tothe”ltiding condition an”drepresents the“.
? combined contribution to Cm of factors other than the

tail and the factor c~a=lcg” The term wes evaluated

by means of unpublished flight-test data for the subject
airplane from which the most forwprd permissible center-
of-gravity position in landing was obtained. The

. .

... -...
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solution of equation (2) with the value of z obtained

from the flight-test data then determines thec~alue
for ACW. The term ACm2 thus obtained was evaluated

as -0.063. This value of AC- was assumed to be

Independent of the size and type of tall and also of the
center-of-gravity position. The fa~tor CLt! in

Gquetion (2) is the maximum negative tail lift coef-
ficient that can be obtained in the three-point-lmding
attitude and was determined from the equation

(3)

where at?, at!, and C? are the values for these
parameters in the landing at minimum speed with ground-
effect corrections applied in accordance with the method
of reference 8. The term ~t? in equation (2) is the

contribution to Cm of the tail pitching moment about
the tail quarter-chord point that results from the maxi-
mum negative elevetor deflection in the lending condition,
and

The effect on the static margin x of the airplane
of replacing the fixed-stabilizer horizontal tail with
other tail designs having different tsil cress was deter-
mined on the basis of the neutral-point positions, which
were obt9ined from equetion (1) for a large range of
values of s@m The means ccmsidered for maintaining a
given static mergin with a modified tail of different
area included an appropriate shift of the center of
gravity Azcg or an appropriate shift of the wing AZW.
The value of AZcg, is equal to the shift of the neutral-

point position associated with the use of the modified .
tail minus the shift in the center-of-gravity position
that reeults from the change in the tail weight. In the
computations for AZW, the quarter-chord point of the
tail wes assumed to be moved an equal distance in the
same direction as the wing so that the tail length Zt
is unohanged. If the effect on the airplane center of
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gravity of the wing and tail weights are.....”..“fo~~~s-- for ~Z”c6”“““*d “’-~tw ~ee~~ .,-..

.
Wt

*zcg = *JO - @t ASt

“Wt
-AZO ‘m@t ASt3“

iJ”zw= . .
w Wt

l-f “ pt

●

where the tail weight per unit area wt

2.1 pounds per square foot, and WW was

13

included, the

“ (4)

(5)

was taken as

taken as
2860 pounds. The term ASt represents the change in
required St due to the tail modification, as determined

by equations (1) and (2) on the basis of the original
range of permissible center-of-gravity positions-

If the static margin of the airplane with the modified
tail Is maintained constant by moving the center-of-gravity
and wing positions simultaneously, equatlcms (4) and (5)
can be written

St”

(

St

1AZcgl = Al. -CU132A~ + AZW? 0068 - 000554~

where the primes for AlCg and AZW indicate that

center-of-gravity and wing positions were moved—.
simultaneo~sly. -

The change in
turning fllght was

Fn =

where

—

control-force gradient in
obtained from the formula

(ch8eB+c~tD)qt~=e2be

Wx

steady

)
x

(6)

the

(7)

(8)

.:.. .- .——-
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+ .$-5” 28.6pgow(zt - 20 + X)

D = +
Sqa qt

(9)

In equstions (7) to (9),

-qtStTat(Zt - 20 + x) d%mt
Cwe = qs ‘~ (lo)

where ~d6e .“mt~ is the contribution to Cm per unit

change in 89 and results from the tsil pitching moment
about its own quarter-chord point. This term usually
contributes a smell amount to the value of C% . In the

e
case of the all-movable tail-

{?)cm ) 6ft - 2

dcmt “~~ CLt~qtct be
=

d6e qscw
(11)

where El is a function of the span end location of the
tab Pmd of the tail taper ratio. Values for. E! are
given in figure 7 of reference 6. In equation (8),

-qtStat-lt - Z. + x)

C%lt = . @
(12)

Values for ch~es c~t~ end St thet were used

to determine Fn are discussed in the present paper in
the section entitled Wmgitudinal Control Characteristics. ~f

The effect on the stattc longitudinal stability of
freeing the elevator control was obtained from the
formula

where AZ-

that results

“(13)

is the.shift @ the neutral-point position

from freeing the elevetor control. In

I
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equation (13) AZoe is assumed t“obe negligible in cOm- .
. .-..,,,.,, ,., -,

paris’tiwltli““the“-”tiL-fi-“‘“~~-,= ’10-+-x. we expression

.-
)

%at~”: . ,

. .
%ae

in equation (13) represents the
of the elevator per unit change

change in floating angle
in a.,

The control force for the landlng condition at the
minimum speed with the center of gravity in the most
forward position was obteined from the formula

FL =
[

(%e8%ax+chat at’ - C’ + i~=)]qtKg~e2be(4)
-1

whore at ~ XS the geometric angle of a+teck of the tall
that corresponds “b tileminimum lardiry
for ground 3fve

.1:3“.>:corrected
ct cs measured with the et~clitzer in the

neutral posltlcn.

The effects of a partial -wtig stall on the control-
force qz-adisntin a dive recovery for the thr~e horizontal
t~lls were cor,ppre.1by ccnsideri.ng the cb.ciny;s due to the
stall in the posltj.on of the center of pres~-are of the
wing lift, In tkl~ s lope of the lift curve of the wing,
and in the downwash angle at the tail. h this comparison
tho effect of the wing stall on factors other than the
wing and teil were neglected.

The change in the control-force gradient due to the
partial stall in a dive recovery was obtained by means
of the formula f . . 7

where %
f

is the slope “of the lift-coefficient curve
for the a rplane during”the wtitgstall and

A
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[
Rtqtst 1 -

% t +
= aw8 t qs

AISO (Alo)st is the shif’tIn the neutral-point position

due to the wing stall snd, from equation (l),

where
atqtst

K=—
~qs

The quantitative results presented in the comparison
of the effect of the wing stall on the control-fo,rc.e,.,
gr~dlent in a dive recovery were obtained for a psrtiAl-
wf.ngst~ll for which it was assumed, for cavenlence,
thet

and

Adat = 0.10 (1 - *)

On the
becc?ne,

()AFn st

()AZo at

besis of these assumptions, equstions (15) end (16)
.raapectlvely,

.

(18)
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RESULTS AND DISCUSSION

... ...... ... -Range of Permissible ..Center-of-Gravity ,Pos3tlm.@. ~

The rearward and forward boundaries for the permiss-
ible range of center-of-gravity positions for the fixed-
stabilizer, adjustable-stabill.zer, And all-movable
horizontal tails are shown in figure 2. The results are
shown for values of St/S rsmglng to 0.30. The limittig
rearward center-of-gravity position in figure 2 Is deter-
mined by the requirement for statio longitudinal stab=
ility in the cruising condition with elevator fixed.
This boundary was obteinedby solvlng equation (1) for 20
with speoified values of s@. It will be noted frcm
equation (1) thst the parameters which affect this
boundary generally do not change with the type of hori-
zontal tail. This boundary will be affected, however,
by a change in the tail espect ratio because the term at
in equation (1) is e functi.on_of the tail aspect ratio.

Figuqe 2 indicates thpt for

to the horizontal-tall area
increase in the tail aspect
incressos the static margin

St
— = 0.175, which corresponds
s

of the subject airplane, an
ratio from 4.24 to 5.82
~ o.026~.

The forward boundary for the permissible range of
center-of-gravity position given in figure 2 is determined
by the requirement for adequate control in the critical
landing condition. This boundary was obtained by solvlng
equation (2) for ZCE for specified values of s@.

Figure 2 shows that ~he boundary for adequate control in
the critical landing condition wI1l be shifted considerably
forward by replacing the fixed-stabilizer tail with either
the adjustable-stabilizer or the all-movs.ble tail. For
St -—= 0.155, the forward boundaries for the adjustable-
s
stabillzar and all-movable tails are 0~18cw and 0.21cW, .
respectively, ahead of that for the fixed-stabilizer
tail (A = 5.82J.

t
Figure 2 shows that in the case of

the fixe -stabilizer tail, the effect of aspect ratio on
s the forward center-of-gravity boundary is small.

The large forward extension of the range of permiss-
ible center-of-gravity positions, which results from the
use of the adjustable-stabilizer and all-movable tails,ls



.

18 NACA ACR.NO. L5H04

caused by the lerge Increase in CLt t that can be

obtained with these types of horizontal tail as compared
wlththe fixed-stabilizer tall. The calculated value
for c~f for the fixed-stabilizer tail was -0.029 as

compared with -1.05 and -1.25 fcm the adjustable-stabilizer
end all-movable talis, respectively. The numerically
larger value for CLt ~ obtained with the adjustable-

stabilizer tail is due to the influenoe of the term 1
%x

in equation (3), end for the all-movable tail, the
numerically larger value for CM? is due to the term T

in equation (3). (See table II. )

The results shown in figure 2 indicate that as
compared with the fixed-stabilizer tail of At = 5.82,

the adjustable-stabilizer snd all-movable tails permit a
reduction in horizontal-teil area of about LO percent for
a given center-of-grevity range. ~ the case of the fixed-
stabtli.zer tail, the increase in aspect ratio from 4.24
to 5.82 permits a reduction In horizontal-tail area that
varies from about 10 to 1205 percent,

In connection with the comparison shown ~m figure 2,
it should be noted that the tail area required to provide
adequate control in the critical lending condition will
depend to a significant extent on the conditions specified
in rega~d to limiting the maximum mguls.r travel of the
various control surfaces. Thus , in the case of the
adjusts.ble-stabf.lizertall, the criterion for the maximum
stabilizer deflection is likely to be based on the
placarded speed for the elrplane with flaps down.
In this connection, It Is noted h reference 9 that
longitudinal instabj.lity hes occurred on several airplanes
at small whg angles of attack with flaps down. This
instability appears to be caused by stalling of the tail
surface due to the comporetively large negative incidenoe
of the tail associated with a small wing angle of attack
and a lm?ge downwash angle with the flaps deflected. On
this basis, if the placarded speed is taken at a value
greater then 120 percent of the minimum speed, with
suitable ,Ellowenca for limiting the stabilizer deflection
to evert tall stalling, the results Indicated in figure 2
for the adjustable stabilizer would be unduly optimistic.
Similarly, the results shown in figure 2 for tie all-
movable tell would be optimistic if the maximum control
deflection were so limited that the incidence of the tall



NACA AOR NO ● L5H04 i~l 19

in the critical lending condition Is a few degrees below
the nega-tlve stailing angle. For examples,, .,..,. the.maximum .
angular tr”hvel”of “tdid”all-movable ~~tall”-mightbe.-limlted-....
by the condition that in a wave-otf, the sudden appll-
cation of power should not Increase the downwesh to the
extent of stalllng the teil. On tus basis, if It were
spoolfled for the all-movable tail that its msxlmum “
incidence In the critical three-point 1ending condition
should not exceed a value of Zo below Its negative
stalling angle, then the boundary for adequate control ‘
In the lending condition shown in figure 2 would bg

shifted rearward by a value of the drder of 0.21c u
.QL w~ #

or ebOut 0.0325cW when * = 0.155.

St~tlc Mer@n

Figure 2 indicetes that & reduction in horlzontal-
tail aree rssults in a forward shift of the neutral point.
Consequently, in order to maintain an equal stetic margin
in conjunction with a ~~duced horizontal-tail eraa, the
center of qrc.vity should nc~mally be moved ahead a
diatanco equnl to tha forward shift of tha neutral point,
In the Prellmin@ry stages of deslqn, iha required center-

“ Of-gravity shift mcy be ~c~()~ipllsh~db~ movh~ the engine
forv:srd. An pltarn~tiv~ method for obtaining an e~~al
static m~rgin in conjmcti.on wltlh G reduction in ~
horizorital-toil =ee 1s to move tha nsutrel point back
by an appropriate rearward movement of the wing.

Figure 3 Is given in order to indicate for tlie air-
plmae the movements of the center-of-g~avity or wing .
position that me required with the reductions in
horizontal-tail srea essGciated with various types of
tells in order to maintain a specified static mergin.
The areas for tha modified tail designs are besed on the
condition th~t they glva a range of permissible center-
of-gravity positions e ual to that obtained with the

1fixed-stabilizer tail ~ = 5.82 .
i

Tha respective tail
araas were obt~lnod from figure , and are shown in
figure 3(a). The movemerts of the center-o~-gravity AZ

* required with the fixed-stabilize%
~tw%$gt;;;:: %) -stabilizer, and all-movable tails
are shown The results for Alcg and AZW
Indicated h figure ~(b)”were obtahed by means of
equations (1.+)and (5), respectively !l%eshift of the

.-
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neutral-petit position At. for use In equations (4)

and (5), which results from the chsngein St/$1 associated
with the modified tail, was determined from figure 2.

~ figure 3(b) the values of’ Azcg and AZW refer
to the case in which either the center~of-gravity or the
wing mov.ment is made independent of the other. The
required movements of’the center-of-gravity and wing
positions for the case of a simultaneous movement may be
obtained b means of’the data of figure 3 on the basis of

zequation ( ).

Figure 4 shows a plen view of the subject airplane
with a fixed-stabilizer tail snd with an all-movable
horizontal-tail of reduced area. The all-movable tail
with reduced area prcvides the same range of permissible
center-of-gravity positions as the flxad-stabilizer tall,
snd the rearward movement of the wing of 0.72 foot indi-
cated in figure 4, maintnins the original static margin.
If the center of gravity of the airplsne with the all-
movable teil were moved forward 0.265 foot, the original
static margin could be maintained with a rearward move-
ment of the wing of 0.332 foot,

Longitudinal Control Characteristics

With a given horizontal tall, the control-force
characteristics may be varied over a wide range by
adjusting the v&lues for the hinge-moment parameters Cha

e
and chat. The present snelysis of the control-force

c’naracteristics is given, however, in order to comuare
some typicsl vsluss for Chae end C~t, which are

required with the verious horizontal tails to provide
comparable control-force characteristics with sn equal
permissible varietion in the center-of-gravity position..
The analysis also compares the effect of a partial-wing
stall on the control-force gradient in a dive recovery.

The horizontal tails are compared on the basis of
the originsl range of nermlsslble center-of-gravity
positions of the subject sirplsne of 0.103cW. The
respective areas for the fixed-stabilizer tails (At
and 5.82) and for the

= 4.24
adjustable-stabilizer and all-

movable tails ~re tlhen41.4, 36.6, 22.6, and 20.8 square
feet.
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The results of the calculations for the hinge-moment....... ..
parmnetars Chb”e m~....~-t, ....end f..Ol?Fri.,...O,.01,..?)F@xU...

Al ,
%’

~d FL are gtven in table III. The data for Fn

end 0.01 W#bx were obtained by use of equations (7).

to (9] for a ststlc mergin x equal to 0.05cW and for
en altitude of 3000 feet. The results ‘~ ~~a$ ~~; %ues
given for the fixed-stabilizer tail -At
of cm end C% that were deteI’~i?nedon the basis of

e t
unpublished flight tests of the atrpiane. ~-~ results
are also presented for all the tal:.son the b~sis of the
values of Ch

6e ‘d chat required to provide a control-

fOI?COgradient Fn eq~~l to 3,27 pounds per g and a

value of 0.91 ?i?~bx e“.pclto G.52 pmnds per g per
percent change In x. %e estimated control bplence
required with the t~ils in order to obt-ir. the fo~e~oing
values of Chbe and c~% are elso co..~p&redin :abl.e1110

t

Th5 rssI~lts @~Tm in table 111 indiccte th~t in
order to cbtzd.nvaiuea of Fn eqa~i to 3.27 and values

of 0.01 bPJa:: sq.~qlto 0.52 with G static mergin
of 0.05CW eithsr of’the fixad-sta-alllzor tails would
reqUire appreci&b13 redUctiO.lS in The m~~itUd(3S of chbO

end Chat by use of belmcing devices. Thesa data also

indfcata th&t if tlno&spect r~tio or tlm f’ixad-stabilizer
tail is ti.craasedf’rcm1}.24 to 5.32, tha required control
balsnce ~or ghb would be r~d.ucsd by @bout 12 percent.

e
. For the ad.justeble-stabilizer tell, t&ble III shows that

in order to o“otein‘he fOi*C90iKl~V“.lllt3S for ~7n

end 0-10 dFD/M, a ver~ smill degimaeof’bslarlce would
be required to obtain tng indicated value for Cha ;

e
whereas appreciable bslenco would be required to o~teln

~“
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the value indicated for ~ .. For?
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the all-movable tall,

the formulasglven in the appendix of the present paper
indicate thet the vnlue for C%e shown in table III could

be obtained by US5 of H tab, which ccvers the middle part
of the t~il semispan, and has R linkage ratio 5ft/6e

of 0.6, a chord equal to 0008ce, Wd a s~~ of 0025be;
whereas the tabulated value of

C&t
of zero could be

obt~.inedby locating the pivot of the main surface et its
aerodynamic center.

The data given in table III for the effect of freeing
tineele-~ator control Alq and for the control forces

required in the critical landing condLtlon FL were

obtainsd by use of equntions (13) and (14), respectively.
The results indicate that the values of AZOF are small

for all the tbils. The control forces required h the
critical landing condition are approximately the same for
the fixed-stabilizer and the sll-movable tails but are
bier for th- adjustable-stabilizer tail.

Effect of Partial-Wing Stall on Control-Force Gradient
in a Dive Recovery

‘UnGercertsin flight conditions, such as in a high-
speed dive recovary, the wing is apt to become partially
stslled and the l~ck of adequste controllability of the
resulting large diving mcment may be very serious. A
ccmsideratlon of :actors associated with the wing stall,
such as the reductions In the slope of the wing lift
curve end in the downwash gngle at the tsil, indicctes
that the diving moment that results from a wing stall
will be influenced to w. important extent by the hori-
zontal tail ~rea. The diving moment contributed by tine
horizontal tsil as & result of the wing s all is assumed
to incr~ase directly as the product %t [A=tat + A~st

)

where A=tst + A cat is the increase in angle of attack

at the tsil due to the wing stall. !Illederive.tlve C%t,

however, numerically Increases directly as the horizontal-
tail area; therefore for a given increase h tha angle of
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qtta.ck .,atthe tail,
Increase. direct.iy.As
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the resulttig ,diving momant wi11 ,
the Iiol$lzontal-tallarea. The- -..

moment -“abihlt-thez~rp”h.ne cekter”of g“ravity that”-results:
from the reduction In”the wing l$ft-curve slope in the ~”
stall 1s”blso affected by’the horizontal-tall area: In
a given ai~lsne, an Zncieese in”the horl.zontal-ta$l area
results in a.rearward movement of the neutral. p~int, and
for H specified static margin this movemen,t of the neutral
point In turn involves a corresponding rearward movempnt
of the center of gravity. For a specified static margin;
the relation between the positions of the wing and the
center of gravity Is therefore such that the reduction
in the wing lift-curve slope associated with the stall
tends to reduce the stalling moment or to Increase the .
diving moment as”the horizontal-tall area is increased.

On the basis of the foregoing discussion, It app’ears
that in s high-speed dive recovery in which the wtng may
become partially stelled, the small horizontal-tall areas
associated with the adjustable-stabilizer end all-movable
tails should, in general, significantly improve the
longitudinal control characteristics over those obtained
with the conventional fixed-stabilizer horizontal tall.
Figure ~ is presented in order to give. a quantitative
comparison ‘of the effect of .a pArtfal-wing stall on the
control-force gradient in a dive recovery as obtained
with tho conventional fixed-stabilizer, edjustcble-
stabilizer, and all-movable horizont&l tails. The area
of each of the horizontal tails is given and 1s based on
& renge of permissible center-of-gravity positions
of O.1O3CW as datsrmined from figure 2 for the original
horizontal teil of the ~irplane.

Fi~e “5 presents the results of the ‘computations
for the lncreose h control-force gradient due to a
partial-wing stall in a diva pull-out msde at constant
speed. The results for ~AFn)St in this figure were

calculated by means of equations .(17) an,d.(18) and are
shown for a range of values of awa

d
aw from 0.6 to l.0”~

These values of ~a
d

aw may occur in the case of a high-

speed pull-out in which the thlckersectlons near tlm root
and those “close-to the wl”ng-fuselage. juncture tend to
stall due to crltlcal compressibility effects. These data
f’or ~AFn)at for the tails are based on the same values

for ~ and C
hat

that tie given In table 111.
e

—
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The results in figure 5 indicate that the wing stall
“ causes a greater increase in the control-force gradient

with the fixed-stabilizer tail thsn with the adjustable-
stabllizer end all-movable tails. Thus for da~s a~
equ~l to o-8, the values for ()AFn St for the adjustable-

stabillzer and all-movable tails are, respectively, 21.8 per-
cent and 26 percent smaller than the value obtained with the
mod.ffied fixed-stabilizer tails. The magnlttide of these
reductions in ~aFn)st obtained with the adjustable-

stsbilizer and all-movable tails as compared withthe fixed-
stabilizer tell also become greater as the wing becomes
more stalled. Figure 5 indicetes that for the flxed-
stabilizer tall the increme in aspect ratio from 4.24
to 5.82 with an appropriate reduction in tall area has
no effect on thFnJst.

CCNC12JSIONS

An analysis made in order to compare a conventional
fixed-stabilizer, an adjustable-stabilizer, and an all-
movable horizontal tall indicated the following con-
clusions:

1. The all-movable and adjustable-stabilizer
horizontal tails have a large advantage over the con-
ventional fixed-stabilizer tail in regard to tail-arga
requirer.ents. For a specified range of permissible
centsr-of-grevity pos~tions, the all-movable and adjustable-
st9bilizar tails permit reductions in tail area of approxi-
mately 40 percent, as compered ‘with the fixed-stabilizer
tail.

20 A specified static margin can be maintained with
large reductions in horizontal-tail area by adj~tments
in the center-of-gravity or wing positions, which are
feasible in the prellzninery stages Of dqsign=

39 The cbinperison of the longitudinal-control
characteristics obt~ined with the horizontal tails, which
was made on ths basis of tail sree.sthd correspond to
the same range ot parmlssible canter-of-grsvity positions
snd on the besis of stiiler dive-recovery cheracteri.sties
for conditions below the wing stall, indicated the
following:



NACA ACR No- L5H04 ~ 25
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(a) For the adjustable-stabilizer tall, the
required value for the rate of ohange of hinge-
moment ooe.fflcient-with.elevat.r deflection c..~..be
obtained with appreciably smaller control balance
than would be required with the fixed-atabillzer
tail.

(b) The control forces required to effect a
three-point landlng at minimum speed will be smallest
with the adjustable-stabilizer tell and will be
approximately the same with the fixed-stabilizer
and sll-movable horizontal tails,

(C) The ancrease in ccmtrol-force gradient in
a dive recovery, which results from a partial-wing
stall, will be stgni.flcantly smeller with the all-
movable and adjustable-stabilizer tails than with
the conventional fiwd-stabilizer tail.

4. In the case of the .l?ixed-stabilizertall, en
increase in aspect retio from ~!..~ to 5.82 for a speclfled
range of permissible center-of-gravity positions permits
a reduction in tall mea thet var16s from approximately 10
to 12.5 percent. This increase in tsil aspect-ratio with
the appropriate reduction in tail srea will, in general,
have a slightl~ favorable effect on the lon.gitu(iinal
control characteristics below the wing stall, ma will
havo no effect m the iacreese in the control-fGrcg
gradient in a dive recovery due to the stall.

Langley Memorial A9iaon~.utlc~lL~boratory
National Advisory Committee for Aeronsutlcs

Langley Field, V~.
1
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APPENDIX

ESTIMATION CM’HINGE-MOMENT PARAMETERS FOR
ALL-MOVABLE TAIL WITH A TAB

An estimation of the hinge-moment parameters Cha
t

and C
tie

for an all-movable teil with a tab, may be

obt~.ined from the following approxlnmte formulas:

%
L= atct (Al)

at

where p is the distance measured bsck from the tail
aerodynamic center to the pivot of the m~in surface.

For a full-span tab

CQ = at%+E’
e

where J and E! are functions O: the span and location
of the tab and of the tail t~per ratio, Values for J
and E? are given in references 5 and ‘7,respectively.

If the pivot is located at the aerod~amic center,
c% =Osnd

t

u

a%t
ch6e =E’~cz

!# (A4)

t



Equsticms (Al) to (.4) are based on strip theory
end neglect a small increment in hinge moment, which is,,.. transmitted.-~ the tab totbs Xuselage instead ol.,to.~he
control column.

. .

.

—.— .—-— ..-.
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Figure 1.- Pos~tlonof various points along longitudinal sxis
of airplane. Distancea measured in fractions of Cw.
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Figure 2.- Varlatlon with horizontal-tall area of permissible
center-of-gravity po81tlon8 for fixed-stablllzar, adjustable-
atabllizer, and all-movable horizontal talla.
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(a) Equivalent tail arsa for modtiied tail.
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(b) Requwed movenentS of center-of-gravity or Wingposition.

Figure 3.- Movemente of center-of-gravity or wing poeition required to maintain
original etatic margin with chansea in horizontal--n area aaeociated with
three types of tail. Equivalent area of tails in each case gives same per-
mls81ble range of center-of-gravity position ae obtained with fixed-stabilizer
tail (At = 5.82).
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